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LIPOPHILIC AND AMPHIPHILIC FILM-FORMING POLYMER 
COMPOSITIONS, AND USE THEREOF IN TOPICAL AGENTS 
DELIVERY SYSTEM AND METHOD OF DELIVERING AGENTS 

TO THE SKIN 



Field of the Invention 

This invention relates to film- forming polymer 
compositions which may be lipophilic, hydrophilic or 
amphiphilic and to the use thereof for topical 
5 application to the skin to modify the properties of the 

skin and/or to act as a reservoir for other agents. The 
invention also relates to the use of these film-forming 
polymers with therapeutic or cosmetic active agents for 
the topical and non-systemic delivery of these agents on 

10 and to the skin. 

Background of the Invention 

The delivery of dermatological products to target 
cells within the layers of skin has been hampered by the 
variable rates of absorption and metabolism obtained by 

15 oral treatments and by absorption of the product into the 

blood stream or failure to be absorbed at all in 
transdermal drug delivery treatments. A large majority 
of dermatologic conditions have been traditionally 
treated by topical administration of drug and skin 

20 treatment agents. However, the skin's surface provides a 

natural barrier to these agents, often making effective 
topical delivery difficult. Topical administration is 
nevertheless often preferred to oral administration of 
drugs and other agents to treat dermatologic problems 

25 because substantially less drug enters the blood stream 

and systemic side effects can be eliminated or 
significantly reduced. 
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Various topical drug delivery systems are known in 
the art. These topical delivery systems generally fall 
into one of several major categories. A first category 
5 consists of traditional formulating agents such as, for 
example, ethanol, propylene glycol, various fatty 
compounds, and surfactants. Under certain conditions, 
these agents can function as penetration enhancers, but 
they generally do not provide prolonged duration of 

10 action of drugs or skin care agents. Frequently, they 

are not very effective unless used in doses that may 
cause skin irritation or other adverse side effects, or 
conversely may produce excessive and poorly controlled 
absorption, in particularly into the vascular system. A 

15 second category of skin care delivery systems are those 

that utilize specialized delivery technologies. These 
include, for example, liposomes, microspheres, 
transdermal patches and iontophoresis. Liposomes (a 
liquid encapsulation system) and microspheres (a solid 

20 entrapment system) require encapsulation of the drug or 

skin care agent, which may be complex, costly, or may 
introduce drug stability problems. Transdermal patches 
and iontophoresis can be used to treat dermatologic 
disorders, but these technologies may be impractical to 

25 use at multiple skin sites or on certain areas, such as 

the face. A third major category of known topical drug 
delivery systems includes non-invasive long-lasting 
liquid reservoirs for holding and depositing therapeutic 
or cosmetic agents in and on the stratum corneum and 

30 epidermis. An example of this type of topical delivery 

system are polyolprepolymers, which are hydroxy- 
terminated polyalkylene glycol-based polyurethane 
polymers that are capable of forming reservoirs in the 
upper layers of the skin, to hold and deposit therapeutic 

35 or cosmetic agents in an on the stratum corneum and 

epidermis. U.S. Patent 4,971,800, 5,045,317 and 
5,051,260, all to Chess, et al., relate to these 
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compositions and methods. However, these polymeric 
agents tend to be viscous materials which are difficult 
to spread on the skin, and exhibit considerable drag, 
oily feel and tackiness* 
5 In selecting a topical drug delivery system it is 

essential that adverse systemic effects and irreversible 
damage to the skin structure be avoided. It is also 
desirable that the compound itself not cause irritation 
or allergic response and that the delivery system is 

10 resistant to accidental removal and remains on and in the 

upper layers of the skin for an extended period of time. 
The delivery systems should also provide acceptable feel 
and spreadability. It is also desirable that the 
polymeric drug delivery system be compatible with a wide 

15 range of "active" agents and formulation ingredients. 

Brief Description of Drawing Figures 

Figure 1 is a schematic view representing a bilayer 
liposome structure which may be formed by the polymers of 
this invention; 

20 Figure 2 is a schematic view, in elevation, 

representing a two layer polymer system according to the 
invention as applied to skin; 

Figure 3 is a microphotograph at 10 OX magnification 
of a dry film formed from a mixture of hydrophilic and 

25 lipophilic polymers according to the invention; 

Figure 4 -A is a microphotograph, at 100X 
magnification, of a dry film of the same polymer mixture 
as in Figure 3 to which nonionic surfactant has been 
added ; 

30 Figure 4-B is an enlarged microphotograph, 400X, of 

the same dry film shown in Figure 4 -A; 

Figures 5-A, 5-B and 5-C are schematic 

representations of untreated skin, skin treated with an 

amphiphilic (hydrophilic) polymer according to the 
35 invention and skin treated sequentially with the 

hydrophilic polymer and then an occlusive hydrophobic 
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(lipophilic) polymer according to the invention, 

respectively. 

summary o f the Invention 

In one aspect, the present invention provides 
5 compositions which are substantive to skin and hair and 

containing certain amphiphilic, hydrophilic or lipophilic 
urethane compounds, or mixtures thereof. 

The terms "hydrophilic", "lipophilic", and 
"amphiphilic" refer to relative affinities for, and 

10 compatibility with, water versus typical oily/ fatty 

organic materials. A simple test is to physically shake 
a sample of unknown material with a mixture of both water 
and a water immiscible organic solvent, such as octanol, 
until equilibrium is attained, and allow the liquid 

15 phases to separate. A substance found preponderantly in 

the water phase would be judged to be hydrophilic, while 
conversely a material going to the octanol phase would be 
considered lipophilic. Amphiphilic substances are those 
which show a substantial, although not necessarily equal, 

20 affinity for both; these will tend to concentrate at the 

interface of the two phases, characteristically resulting 
in a reduction in the interfacial tension. 

The amphiphilic, hydrophilic and lipophilic 
compounds of this invention are film-forming polymeric 

25 type compounds and have a generally linear, symmetrical 

structure with terminal hydrophobic hydrocarbon groups or 
polypropylene groups linked via polyoxyalkyl groups. 
These compounds may be represented by the following 
formula (I) : 

3 0 R ( CO ) m O- ( CH2CHR 1 0 ) n - [ OCNH- Z -NHC0 2 ( CH 2 CHR 2 0 ) n . ] p 

-OCNH-Z-NHC0 2 - ( CHjCHR'O) n - (CO) m R (I) 
In the above formula (I) R represents (i) an alkyl, 
alkenyl, or alkaryl hydrocarbyl group of from 1 to 30 
carbon atoms or (ii) a polypropylene oxide group (PPO) ; R 1 

35 and R 2 , each, independently, represent a hydrogen atom, or 

a methyl or ethyl group; Z represents a divalent linking 
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hydrocarbyl group; m is 0 or 1; n and n', are each, 
independently, a positive number; and p is >0, preferably 
p is 0 or 1. Most preferably, n, n 1 and p are selected 
such that 2n+pn' is at least about 20. 
5 The groups R in formula (I) may be bonded through 

either ether (m = 0) or ester (m = 1) linkages. In 
general, ether linkages (m = 0) are preferred because of 
their comparative chemical stability, especially where 
extremes in pH might be encountered. 

10 The polymers of this invention are film-forming 

compounds which may be polar /hydrophilic, intermediate 
polarity/ amphiphi lie, or non-polar/lipophilic, depending 
primarily on the choices of R, R 1 and R 2 . In general, 
larger R, R 1 , and R 2 groups will tend to promote 

15 lipophilicity, while the smaller R, R 1 , and R 2 groups will 

tend to increase hydrophilicity . Combinations of small 
and large groups among R, R 1 and R 2 will tend to produce 
amphiphilicity and consequent surface activity; since R, 
R 1 and R 2 can be controlled independently through choice 

20 of starting materials, various amphiphilic structures are 

possible, as will be obvious to those skilled in the art. 
Exemplary combinations are given in Table 1: 

TABLE 1 

R El E! Type 

25 (i) Short hydrocarbyl H H Hydrophilic 

(ii) Short hydrocarbyl H Me,Et Amphiphilic 

(iii) Long hydrocarbyl or PPO H H Amphiphilic 

(iv) Long hydrocarbyl or PPO Me f Et Me,Et Lipophilic 

In Table I "short hydrocarbyl" refers to approximately 
30 C,-C 4 alkyl or alkenyl and "long hydrocarbyl" refers to an 

approximately C 7 -C 30 alkyl, alkenyl or alkaryl. For 
intermediate carbon chain lengths the procedure described 
above can be used to determine whether any particular 
polymer is hydrophilic, amphiphilic or lipophilic. 
35 In view of their relatively high molecular weights, 

(generally from about 1,000 to about 30,000) and the 
repeating polyoxyalkyl and diurethane units, these 
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compounds may at times be referred to hereinafter as 
polymeric or polymer products. Especially within the 
more preferred molecular weight range of from about 1,000 
to 25,000, more preferably, from about 2,000 to about 
5 22,000, even more preferably, from about 2,000 to about 

15,000 (i.e., wherein 2n+pn' ranges from about 20 to 
about 150) , the polymers are substantive to skin, and 
provide occlusion and/ or barrier properties, while 
themselves showing little or no actual penetration into 

10 the skin. Depending on the selection of, primarily, the 

polyoxyalkyl groups, (i.e., on R 1 and R 2 ) , the polymers 
may exhibit one or more of the following properties: 
humectancy, wetting, emolliency, solubilization. 

Similarly, the selection of the terminal hydrocarbyl 

15 group R will effect the properties of the polymer. For 

instance in the hydrophilic type (i) the preferred Cj-C 4 
alkyl or C 2 -C 4 alkenyl groups are only large enough to cap 
the hydroxyl groups provided by the polyoxyethylene group 
(R 1 = R 2 = H) . Such compounds are considered truly 

20 hydrophilic. Conversely, longer alkyl, alkenyl, 

alicyclic, or alkaryl (R) terminal groups ensure that the 
polymer will> depending on R 1 and R 2 , be amphiphilic and 
show surface activity (R 1 or R 2 = H, type (iii)), or be 
essentially lipophilic (R 1 and R 2 = Me or Et, type (iv)). 

25 The urethane linkages used for coupling the 

polyoxyalkyl groups are stable and biocompatable and, may 
also contribute to physical properties. For example, in 
solution in appropriate solvents or carriers, the 
urethane groups may exhibit intermolecular hydrogen 

30 bonding and when applied topically, may provide specific 
bonding with skin proteins. 

The bridging group 2 (preferably alkylene or 
cycloalkylene of from 2 to about 16 carbon atoms) 
provides one or more sites of either relative rigidity or 

35 flexibility. 
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In general, the component groups of the invention 
polymeric compounds are derived from starting materials 
which are themselves widely accepted for use in the 
cosmetic, pharmaceutical and biomedical polymer areas. 
5 In a particular aspect of the invention, mixtures of 

one or more generally hydrophilic and/or amphiphilic 
polymers and/or one or more generally lipophilic polymers 
in Table 1 are used in combination. Because of the 
general incompatibility of the hydrophilic or amphiphilic 

10 polymers and the lipophilic polymers, in the absence of a 

mutual solvent, such combinations will exist in phase 
separated form, although the common hydrophobic terminal 
groups will tend to preserve some association between 
these dissimilar polymers and so improve the gross 

15 uniformity of the mixture. The result is an intimate 

admixture wherein the hydrophilic and lipophilic phases 
function largely independently in terms of physical 
properties. For example, in a particular embodiment of 
this aspect of the invention, a hydrophilic depot matrix 

20 is formed beneath a water-resistant hydrophobic film via 

a single application of a solution of hydrophilic and 
lipophilic polymers in a volatile mutual solvent. By 
successive individual applications of different products, 
i.e., multipart systems, desired additive effects may be 

25 achieved. 

The present invention also provides compositions for 
topical application to the skin or hair. These 
compositions include one or more of the polymeric 
urethanes of formula (I) described above and one or more 

30 active agents. The active agent or agents may be 

cosmetic, pharmaceutical or other biological or 
therapeutic substance. Because the polymers largely 
retain admixed formulation components, including active 
agents, while they themselves do not penetrate into or 

35 through the skin, such active agents tend to exhibit 

their cosmetic, pharmacological or other therapeutic or 
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biological activity locally and non-systemically , i.e. do 
not enter into the bloodstream of the user. 

In another particular aspect of the invention, the 
present invention provides a method for moisturizing skin 
5 or hair by topically applying to the skin or hair an 

occlusive moisture barrier effective layer of a 
lipophilic urethane polymer compound, such as the type 
(iv) in Table 1, above. 
Detailed Description of the Invention 

10 The urethane film-forming polymeric compounds of 

this invention modify and improve upon the hydroxy- 
terminated urethane compounds of the formulas given in 
the aforementioned U.S. Patents 4,971,800, 5,045,317, and 
5,015,260 to Chess, et al., the disclosures of which are 

15 incorporated herein by reference thereto. Although the 

Chess, et al. patents describe the urethane compounds as 
penetration enhancers useful for topical or transdermal 
administration of pharmacologically active agent, 
subsequent work and studies by the Chess, et al. 

20 patentees and their assignee have shown that the urethane 

compounds are not effective as penetration enhancers for 
transdermal administration. 

The urethane polymeric film-forming agents of this 
invention differ from the urethane compounds of , e.g., 

25 U.S. 4,971,800, primarily with respect to the replacement 

of the hydroxyl terminal groups with hydrophobic moieties 
R in the compounds of formula (I) through ester or ether 
linkages. Some of the urethane film-forming compounds of 
formula (I) are known for their antistatic properties, 

30 see, e.g., U.S. Patent 3,852,255 and 4,163,088, the 

disclosures of which are incorporated herein by reference 
thereto . 

The hydrophilic, lipophilic and amphiphilic film 
forming polymers of this invention may be represented by 
35 the following formula (I) : 
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R(CO) m O— (CI^CHR'O) n - [OCNH-Z— NHC0 2 (CH 2 CHR 2 0) Q . ] p -OCNH-Z- 

NHC0 2 - (CHjCHR'O) n - (CO) m R (I) 
wherein R represents (i) a hydrocarbyl group, such as 
alkyl, alkenyl, or alkaryl, preferably alkyl or alkaryl 
5 group, of from 1 to 3 0 carbon atoms, or (ii) a 

polypropylene oxide group, H(CH 3 CHCH 2 0) r , where r 1 is a 
positive number of from about 10 to about 60; R 1 and R 2 , 
each, independently, represents a hydrogen atom, or a 
methyl (Me) or ethyl (Et) group; Z represents a divalent 

10 linking group, m is 0 or 1, n and n 1 are positive 

numbers; and p is > 0, preferably 0 or 1. It is 
preferred, in order to achieve desirable molecular 
weights that when R represents the hydrocarbyl group (i) , 
then n, n 1 and p are chosen such that the total number of 

15 alkylene oxide groups in the molecule, 2n+pn*, is at 

least about 20, such as from about 20 to about 400. 
Similarly, when R represents the propylene oxide group 
(ii) , then 2n+pn'+r is at least about 20, such as from 
about 20 to about 400, 

20 The lipophilic film forming polymer of formula (I) 

may be represented by the general formula (I-a) : 
R"(CO) m O- (CH 2 CHR u O) n - [OCNH-Z-NHC0 2 (CH 2 CHR I2 0) n .] p -0CNH-Z- 

NHC0 2 - (CH 2 CHR u 0) n - (CO) m R a (I-a) 
where Z, m, n, n' and p are as defined in formula (I) , R a 

25 represents a C,-C 30 hydrocarbyl group, such as alkyl, 

alkenyl or alkaryl, preferably alkyl or alkaryl, R 11 and 
R 12 represent methyl or ethyl groups. R a preferably 
represents C 5 -C 30 alkyl or C 7 -C 30 alkaryl. 

The hydrophilic film-forming polymer of formula (I) 

30 may be presented by the general formula (I-bl): 

R b (CO) m -0- ( CH 2 CH 2 0) n - [OCNH-Z-NHC0 2 ( CH 2 CH 2 0) n . ] p - 

OCNH-Z-NHC0 2 - ( CH 2 CH 2 0) n — (CO) m R b ( I-bl ) 

where Z, m, n, n' and p have the same meanings as in 
formula (I) ; and R b represents a short hydrocarbyl group, 

35 such as C,-C 6 alkyl or C 2 -C 6 alkenyl, preferably, Cj-C 4 

alkyl. 
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The amphiphilic film-forming polymer of formula (I) 
may be represented by the general formula (I-b2) : 
R c ( CO ) m O- ( CHjCHR 1 © ) n - [ OCNH- Z -NHC0 2 ( CH 2 CHR 2 0 ) 0 . ] p - 

OCNH-Z-NHCO^fC^CHR'O),,- (CO) m R c (I-b2) 
5 where Z, R 1 , R 2 , m, n, n» and p have the same meanings as 

in formula (I) ; and R c represents a short hydrocarbyl 
group, such as alkyl or alkenyl having from 1 to about 6 
carbon atoms, preferably Cj-C 4 alkyl, or a long 
hydrocarbyl group having from about 7 to about 3 0 carbon 

10 atoms, such as C 7 -C 30 , preferably C 7 -C 28 , especially 

preferably C 12 -C 22 , alkyl, alkenyl or alkaryl group; with 
the proviso that when R c represents a short hydrocarbyl 
group one of R 1 or R 2 (ps*0) is a hydrogen atom and the 
other is methyl group or ethyl group; and when R c 

15 represents a long hydrocarbyl group then R 1 and R 2 both 

represent hydrogen atoms. 

In the above formulas (I-a) , (I-bl) and (I-b2) , 
2n+pn* is preferably at least about 20, such as from 
about 20 to about 400. 

2 0 In addition to the preferred hydrocarbyl groups 

represented by R", R b and R c in formulas (I-a) , (I-bl) and 
(I-b2) , respectively, R\ R b and R c may also represent 
propylene oxide groups, H (CH 3 CH 2 CH 2 0) s , where the value of 
s, representing the number of propylene oxide groups, is 

25 selected to provide the desired hydrophilic, amphiphilic, 

or lipophilic property. 

Furthermore, in the above and following formulas it 
will be appreciated that references to molecular weights 
refer to weight average molecular weights and, similarly, 

30 the number of the repeating alkylene oxide units 

represented by n, n', p, q, r and s, will typically be 
average values. Similarly, depending on the source of 
the hydrocarbyl group for R, such as in the hydrocarbon- 
terminated glycols of formula (II) as described below, it 
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will be understood by those skilled in the art that 
mixtures of, e.g., alkyl groups or alkenyl groups, of 
different carbon chain lengths may be present. 

The polymers of formula (I), including the polymers 
5 of formula (I-a) , (I-bl) and (I-b2) , may be prepared by 

reacting hydrocarbon-terminated linear alkyl, alkenyl or 
alkaryl glycols with a monomeric organic diisocyanate to 
form the hydrocarbon-terminated urethane compounds of 
this invention. Suitable hydrocarbon-terminated glycols 
10 useful as intermediates may be represented by the general 

formula: 

R-fOC^CHR^OH (II) 
wherein R, R 1 and n are defined above. 

Representative examples of the hydrocarbyl group R 

15 include alkyl of from 1 to 3 0 carbon atoms. The alkyl 

may be linear, branched or cyclic. In the case of 
hydrophilic polymers lower alkyl of from 1 to 6 carbon 
atoms, especially from 1 to 4 carbon atoms are preferred. 
Examples include methyl, ethyl, n-propyl, i -propyl, n- 

20 butyl, i -butyl, t-butyl. Example of cycloalkyl groups 

include, for example, cyclopropyl, cyclobutyl, 
cyclopentyl, and cyclohexyl. The cycloalkyl groups may 
also include lower alkyl group substituents generally of 
from 1 to 2 carbon atoms, such as methylcyclopropyl , 

25 ethylcyclobutyl, etc. For amphiphilic and lipophilic 

polymers hydrocarbyl group R will preferably have from 
about 7 to 28 carbon atoms, especially preferably from 
about 12 to 2 2 carbon atoms, such as, for example, 
heptyl, octyl, nonyl, dodecyl, octadecyl, eicosyl, 

30 heptenyl, octenyl, decenyl, myristyl, hexadecenyl, etc. 

Examples of alkylaryl groups include, for example, 
benzyl, tolyl, phenethyl, trimethylphenyl , hexylphenyl, 
nonylphenyl, dodecylphenyl , and the like. Similarly, 
when R represents alkenyl, the alkenyl may be linear or 

3 5 branched or cyclic. R may also represent a polypropylene 
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oxide group, i.e. H(CH 3 CHCH 2 0) r where r is a positive 
number of from about 10 to about 60 , preferably from 
about 15 to 50. 

R 1 represents hydrogen, methyl or ethyl. 
5 n represents a positive number; and generally up to 

about 200 r preferably at least 2, such as from about 4 to 
about 100, more preferably from about 10 to about 90, 
especially preferably from about 20 to about 75. 

When R 1 represents hydrogen, the compounds of formula 
10 (H) are polyethylene glycol derivatives; when R 1 

represents methyl, they are polypropylene glycol 
derivatives; and when R 1 represents ethyl, formula (II) 
represents polybutylene glycol derivatives. 

The compounds of formula (II) are commercially 
15 available or may be produced by standard techniques well 

known in the art, e.g. starting with n moles of an 
alkanol (R-OH) and reacting with n moles of alkylene 
oxide using a suitable catalyst. 

Glycols represented by the general formula (III) may 
20 also be included as intermediates: 

H- ( OCH 2 CHR 2 ) n .OH (HI) 
wherein R 2 and n' are as defined above. n 1 represents a 
positive number and generally may be up to about 400, 
preferably at least 2, such as from about 4 to about 200, 
25 more preferably from about 10 to about 180, especially 

preferably from about 20 to about 150. 

When R 2 represents hydrogen, the compounds of formula 
(III) are polyethylene glycol derivatives; when R 2 
represents methyl, they are polypropylene glycol 
30 derivatives; and when R 2 represents ethyl, formula (III) 

represents polybutylene glycol derivatives. 

Where glycols of formula (III) are included, they 
may be reacted with the organic diisocyanate in admixture 
with the hydrocarbon-terminated glycols of formula (II) 
35 or in a sequential manner, as will be obvious to those 

skilled in the art of polyurethane synthesis. 
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Mixtures of various reactive polyalkylene glycols or 
polyalkaryl glycols can be employed in preparing the 
hydrocarbon-terminated urethane film forming polymer 
compounds used in the practice of the present invention. 
5 In formulating the hydrocarbon-terminated urethane 

compounds of this invention, a wide variety of monomer ic 
organic diisocyanates can be used. These diisocyanates 
are represented by the general formula 

0 = C = N- Z- N = C = 0 

10 wherein Z is a divalent hydrocarbyl linking group, such 

as alkylene, or alkenylene, arylene or alkylarylene 
radical, generally one containing from about one to about 
20 carbon atoms. The alkylene or alkenylene radical may 
be straight or branched or cyclic (from about 5 to about 

15 10 carbon atoms) such as, for example, dimethylene, 

trimethylene, dimethyltrimethylene , cyclopentylene , 
cyclohexy lene , cyclohexeny lene , propeny lene , buteny lene , 
hexamethylene, octenylene, decamethylene and the like. 
In the case that Z is an alkenylene radical, it is 

20 generally one having between one and about three double 

bonds , preferably one double bond. When Z represents 
aryl it may be a mononuclear or fused ring arylene 
radical, generally one containing from about six to about 
ten carbon atoms, such as phenylene or naphthalene, all 

25 of which can be substituted, e.g. with alkyl groups, 

generally alkyl groups having up to six carbon atoms, 
aryl groups, which may be substituted with amine 
moieties, nitro, lower (1-6C) alkyl, lower (1-6C) alkoxy, 
lower (1-6C) alkoxy-substituted lower (1-6C) alkyl, 

30 halogen, and the like. Included among such diisocyanates 

mention may be made, for example, of aromatic 
diisocyanates, such as, m-phenylenediisocyanate, p- 
phenylenediisocyanate, 4-t-butyl-m-phenylenediisocyanate, 
4-methoxy-m-phenylenediisocyanate, 4-phenoxy-m- 

3 5 pheny lenediisocyanate , 4 -chlor o-m-pheny lenedi isocyanate , 

toluenediisocyanates (either as a mixture of isomers, 
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toluenediisocyanate and 20% 2 , 6-toluenediisocyanate, or 
as the individual isomers themselves) , m-xylylenedi- 
isocyanate, p-xylylenediisocyanate, cumene-2 , 4- 
5 diisocyanate, durenediisocyanate, 1 , 4-naphthylene- 

diisocyanate, 1, 5-naphthylenediisocyanate, l f 8- 
naphthylenediisocyanate, 2 , 6-naphthylenediisocyanate, 
1 , 5-tetrahydronaphthylenediisocyanate, p,p-diphenyl- 
diisocyanate, diphenylmethane-4 , 4 1 -diisocyanate, 2 , 4- 

10 diphenylhexane-1, 6-diisocyanate, bitolylenediisocyanate 

(3 , 3 1 -dimethyl-4 , 4 1 -biphenylenediisocyanate) , 
dianisidinediisocyanate (3 , 3 1 -dimethoxy-4 , 4 1 - 
biphenylenediisocyanate) , aliphatic diisocyanates , such 
as methylenediisocyanates, ethylenediisocyanate, the 

15 tri-, tetra-, penta-, hexa-, octa-, nona- and 

decamethy lene- , cr-fo-diisocyanates , isophorone 
diisocyanate, bis ( 4 -isocyanatocyclohexyl) methane, 
2-chloro-trimethylene-diisocyanate, 2 , 3-dimethyl- 
tetramethylenediisocyanate, and the like, as well as 

20 mixtures thereof. 

By virtue of the hydrophobic terminal groups, the 
urethane polymers are rendered amphiphilic when R 1 or R 2 
is H and can be more readily tailored for specific end 
use applications and product types which were not 

25 available for the hydroxyl terminated urethane compounds 

described in the aforementioned patents to Chess. 

For example, in the amphiphilic type products, the 
hydrophobe terminated polymers of this invention form 
molecular bilayer structures, such as liposomes. Thus, 

30 as shown schematically in Figure l, the <x, fo-terminal 

hydrophobe R groups are compatible with and bind the 
opposed oily layers (10) while the interior hydrophilic 
polyoxyalkyl moieties and urethane groups bind to an 
intermediate aqueous phase (20) . 
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The hydrophobe terminated urethane film-forming 
polymers of this invention may also be used to form a 
multilaminar depot system by mixing 

hydrophilic/amphiphilic and lipophilic products. The 
5 respective polymers will tend to undergo phase separation 

due to their partial incompatibilities while maintaining 
an intimate association between the discrete phases due 
to the chemical similarities in the structure. By proper 
selection of the R, R 1 and R 2 groups and the values of n 

10 and n 1 (when p^O) , a structure such as shown in Figure 2 

may be obtained. In Figure 2, discrete hydrophilic 
phases 21 are held in intimate contact with the stratum 
corneum skin layer SC beneath a continuous or 
substantially continuous film layer of water resistant 

15 hydrophobic phase 11. Hydrophilic phases 21 can, 

therefore, readily function as a depot matrix for any 
water soluble or water dispersible active agent present 
in the hydrophilic phase. Depending on the nature of the 
active agent it may penetrate into the stratum corneum 

20 layer SC and, perhaps, through the stratum corneum into 

the epidermis E or dermis D. 

When mixtures of hydrophilic/amphiphilic polymer and 
lipophilic polymer are used the amounts of each may vary 
widely, depending on such factors as desired properties, 

25 the degree of "philicity" or "phobicity , " other additives 

and/ or actives, etc. Generally, however, based on 100 
parts by weight of the mixture, from 0.5 to 95 parts by 
weight of each type of polymer may be present. Moreover, 
based on the total composition, amounts of each type of 

30 polymer may generally be within the range of from about 

0.5 to 25 wt%, preferably, from about 1 to 10 wt%. More 
broadly, however, compositions for topical or dermal 
administration can contain, for example, from about 0.5 
wt%, preferably from about 1 wt%, and up to about 99 wt% 

35 of compound, or mixture of compounds of formula (I) . 
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The mixture of amphiphilic or hydrophilic polymer 
and lipophilic polymer may be deposited on the skin by 
any of the usual methods known to the art of formulating 
topical compositions. In particular, it is preferred to 
5 cast the polymer mixture dissolved in a mutual volatile 

solvent (e.g. ethanol, ethylacetate, and the like) . When 
the resulting solution is applied to the skin, the 
volatile solvent will evaporate leaving behind a film 
residue of the polymer mixture and any other components 

10 which may have been incorporated into the composition. 

During the drying phase, the respective polymers will 
phase separate in accordance with their intrinsic 
incompatibility. As shown in Figure 2 the more 
hydrophilic polymer will tend to form discrete 

15 hydrophilic portions 21 adherent to the stratum corneum. 

A continuous layer 11 of the more lipophilic polymer can 
overlie and form an occlusive protective barrier for the 
hydrophilic polymer phase and any water soluble or 
hydrophilic active agents present in the hydrophilic 

20 polymer phase. Generally, other additives will be 

distributed in the lipophilic polymer and/or hydrophilic 
and/or amphiphilic polymer depending on their respective 
affinities for the polymers. 

The polymer mixture may be dissolved in any volatile 

25 solvent in which both polymers are soluble and which is 

generally recognized as safe for topical application to 
the skin. In addition to ethanol and ethyl acetate, the 
volatile solvent may be aqueous or non-aqueous. The 
selection of the volatile solvent can be easily made by 

30 the practitioner depending on, for example, the 

solubilities of each respective polymer as well as any 
other component (s) which may be included in the 
composition. 

Moreover, while the two layer structure shown in 
35 Figure 2 may be obtained by the single application of a 

mixture of hydrophilic (or amphiphilic) and lipophilic 
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polymers, the invention also contemplates successive 
applications of different types of polymer (s) and active 
agent(s) to achieve different additive effects and 
multilaminar structure. 
5 The film-forming polymers of this invention may be 

used by themselves or in combination with one or more 
active agents. As used herein the term "active agent" is 
intended to include, not only cosmetic, pharmacological , 
or other therapeutic or biological activity, but also 

10 skin penetration enhancers, such as, fatty alcohols, 

fatty esters, alkyl-1 , 3-dioxolanes , etc. Skin 
penetration enhancers are not themselves intended to 
exert a physiological effect. Rather, they enable or 
facilitate penetration of other active agents present in 

15 the formulation. Therefore, control of the availability 

of the skin penetration enhancers to the skin, as made 
possible by this invention, will have the practical 
effect of regulating the penetration of the cosmetically 
or pharmacologically active agents. 

20 When used alone, the lipophilic polymer will 

generally be formulated as a hydrophobic (occlusive) 
film-forming polymer that is substantive to skin, hair or 
other epithelial tissue. Applying a thin layer of such 
polymer to the skin, hair, etc. will serve to retain 

25 moisture present in or added to the skin by reducing 

transepidermal water loss (TEWL) . Because of its high 
substantivity to skin the dermal water retention (TEWL 
reduction) effects may be long lasting. 

Even longer lasting and more effective moisture 

30 retention and skin softening effects may be achieved by 

successive applications of a layer of non-occlusive, 
hydrophilic urethane polymer followed by a layer of an 
occlusive hydrophobic or lipophilic urethane polymer. 
Furthermore, either or both (or neither) of the non- 
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occlusive and occlusive film layers may include 
moisturizers or active agent (s) with or without 
penetration enhancers. 

The application of such double film system is 
schematically illustrated in Figures 5A-5C. Fig. 5-A is 
a schematic representation of untreated skin including 
the stratum corneum outer layer SC and the epidermal and 
dermal sublayers E/D. As shown in Fig. 5-B, hydrophilic 
polymer (usually applied in the form of solution or gel 
as described below) is first spread over a defined area 
of the skin. The hydrophilic polymer partially 
penetrates into the stratum corneum (SC) upper skin layer 
to form a first film 22 embedded in the SC layer. The 
film 22 concentrates moisture from the skin on top of or 
in the SC layer. Next, as shown in Fig. 5-C, a solution 
or gel formulation of hydrophobic/lipophilic polymer is 
applied over the previously treated area of the skin to 
form an occlusive film layer 12. The viscosity of the 
hydrophobic polymer formulation, coupled with its general 
incompatibility with the first polymer film 22 results in 
a substantially uniform occlusive film layer 12 which 
overlies the SC layer and serves, with the layer 22, to 
maintain a high moisture concentration in the SC layer. 

The formation of a hydrophobic (occlusive) film 
layer can be readily demonstrated by addition of a drop 
of water, which will characteristically bead up on the 
surface of film layer 12. This beading up is a 
manifestation of a high contact angle (6), that is, one 
approaching 90° between the edge of the droplet and the 
surface. The exact value of 0 and the corresponding 
degree of hydrophobicity can be measured using methods 
well known in the art of surface measurement. The 
resulting reduction in TEWL can also be measured using 
techniques well known in the art of skin 
characterization . 
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Methods of synthesizing urethanes are well known in 
the art. U.S. Patent No. 2 , 266, 777 , for example, issued 
in 1941, describes the reaction of isocyanate compounds 
with polyhydroxy alcohols to form polyurethanes, now a 
5 standard synthetic method. Reference may also be made to 

Saunders, Polyurethane : Chemistry and Technology (New 
York: Wiley & Sons, 1961) for an overview of the 
chemistry of urethanes. 

In preparing the urethane polymeric compounds of 

10 this invention, the mole ratio of diol to diisocyanate is 

about 1:1, and the reaction is carried out at an elevated 
temperature (at least about 100 °F, and preferably at 
least about 150 °F; temperatures may be higher depending 
on the particular reactants and on the amount of catalyst 

15 used) with constant mixing. The solvent, if used, is a 

suitable organic solvent, such as, dioxane, xylene, 
cyclohexane or the like. The use of catalysts is 
optional. Suitable catalysts include organic tin alkyl 
titanates or octoates and amines such as those in the 

20 Dabco group (i.e., Dabco DC-1, DC-2, R-8020, R-595, 33 

LV, DF and WT, all available from Air Products and 
Chemicals, Inc., Allentown, Pa., under the "Dabco" 
trademark) and N-ethyl morpholine. Further information 
regarding analogous reactions may be found in U.S. Patent 

25 Nos. 2,266,777 and 2,282,827, the disclosures of which 

are hereby incorporated by reference in their entirety. 

The preferred values for p in the polymers of the 
present invention are 0 or 1, although it is recognized 
that as a natural consequence of their synthesis some 

3 0 amount of higher polymer may result. The value p for the 

compounds of Formula I may increase above 1 during 
synthesis by varying the reaction temperature, or the 
amount, if any, of water in the reaction mixture; for 
example, increasing the water content will typically 

35 result in a more highly polymerized structure, i.e. one 

having a higher p value. Selection of reaction 
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conditions herein is believed to be well within the skill 
of the art, and may in any case be readily derived from 
the aforementioned references on urethane chemistry. 

The polymers of formula (I) can be used alone or in 
compositions for topical administration of a 
dermatological agent or cosmetic agent. Pharmacological 
or biological active agents may also be administered or 
applied to the skin with the polymers of this invention. 
The compositions deposit and hold drugs and skin care 
agents at targeted levels on and in the upper layers of 
the skin, rather than for delivering the drugs or agents 
into the blood stream. 

The invention compositions include a mixture of two 
or more film forming urethane polymers of formula (I) 
including at least one hydrophilic/amphiphilic polymer 
and at least one lipophilic polymer, as previously 
described. 

However, in accordance with another aspect of the 
invention there are also provided compositions which 
include a mixture of a hydrophilic/amphiphilic polymer of 
formula (I) with lipophilic polymer of the formula (IV) 

R ( CO ) ttl O- ( CH 2 CHR 12 0 ) q ( CO ) m R (IV) 
where m, R and R 12 are as previously defined and q is a 
positive number of at least 2 and up to about 4 00, such 
as from about 2 to 2 00. 

In still another alternative embodiment, the present 
invention provides compositions based on a mixture of a 
lipophilic polymer of formula (I-a) with a hydrophilic 
polymer of formula (V) : 

RO-(CH 2 CH 2 0) q R ( V) 
and where R and q are as previously defined. In any 
specific combination of polymers, the average values of 
m, n, n 1 , p, q, r, R, R 1 , R 2 , R u , and R 12 do not have to be 
the same for each polymer of the mixture. 
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Compositions containing the mixture of a polymer of 
formula (I) , e.g., (I-a) , (I-bl) , (I-b2) , with a polymer 
of formula (IV) or formula (V) may be prepared and used 
in the same manner as previously described for the 
5 compositions based on mixtures of polymer (s) of formula 

(I). 

The film-forming polymer (s) may be dispersed within 
a suitable topical carrier. A selected "active" agent, 
which may be, for example, pharmacologically active 

10 agent, dermatological agent, cosmetic agent, humectant, 

or other skin care or treating agent may also be present 
in the composition. The topically applied compositions 
are effective for enhancing adherence of active agent on 
and to the skin as well as for retaining moisture. 

15 By "topical administration" or "dermal 

administration" is meant the local, non-systemic 
administration of a topical pharmacologically active 
agent or cosmetic agent on the skin, that is, without 
passage of the agent into the blood stream. 

2 0 "Topical carriers" as used herein refer to vehicles 

suitable for topical applications of drugs or cosmetics, 
and include any such liquid or non-liquid solvent, 
diluent or the like materials known in the cosmetic and 
medical arts, for forming any liquid or semisolid gel, 

25 cream, ointment, emulsion, aerosol, foam, lotion, or the 

like, and which does not adversely affect living animal 
tissue or interact with other components of the 
composition in a deleterious manner. Topical carriers 
are used to provide the compositions of the invention in 

30 their preferred liquid form. Examples of suitable 

topical carriers for use herein include water, liquid 
alcohols, liquid glycols, liquid polyalkylene glycols, 
liquid esters, liquid amides, liquid protein 
hydrolysates, liquid alkylated protein hydrolysates, 

35 liquid lanolin and lanolin derivatives, and like 

materials, and mixtures thereof. 
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By the terms "pharmacologically active agent" or 
"drug" as used herein is meant any chemical material or 
compound suitable for topical administration which 
induces any desired local effect. Such substances 
5 include, for example, antifungal agents, chemotherapeutic 

agents, antibiotics, anti-microbial agents, antiviral 
agents, hormones, cutaneous growth enhancers, including 
for the hair and nails, hair care agents, antipsoriatics, 
retinoids, anti-acne medicaments, antineoplastic agents, 

10 topical anesthesetics, phototherapeutic agents, 

sunscreens, cutaneous protection agents, alpha-hydroxy 
acids (including lactic acid and glycolic acid), insect 
repellants and the like. 

Locally administered topical cosmetic agents 

15 include, for example, hair or skin care agents, including 

colorants and mascaras, moisturizers, skin or hair 
softeners, pigment modulators, antiproliferatives, 
antipsoriatics, retinoids, anti-acne medicaments, 
antineoplastic agents, phototherapeutic agents, 

20 sunscreens, cutaneous protection agents, alpha-hydroxy 

acids including lactic and glycolic acids, and the like. 

By "effective" amount of a pharmacologically active 
agent is meant a nontoxic but sufficient amount of a 
compound to provide the desired local effect and 

25 performance at a reasonable benefit/risk ratio attending 
any medical treatment. An "effective" amount of a skin 
permeation enhancer as used herein means an amount 
selected so as to provide the desired increase in 
permeability of the upper layers of skin and, 

30 correspondingly, the desired depth of penetration, rate 

of administration, and amount of drug delivered. 

The hydrophobic-group terminated urethanes of this 
invention may be used to pretreat skin or other 
epithelial tissue prior to topical administration of 

35 pharmaceutical or cosmetic agent. Alternatively, and 

preferably, the hydrophobic-terminated urethane is 
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administered concurrently with the pharmaceutical or 
cosmetic agent. The hydrophobic-terminated ur ethane may 
be administered with or without a topical carrier, but 
preferably with a topical carrier. A formulation may 
5 include as little as about 0.5 wt%, such as from about 1- 

99 wt.% hydrophobic-terminated urethane compound or 
compounds of formula (I) , preferably from about 3-9 5 wt.% 
hydrophobic-terminated urethane compound (s). Most 
preferably, the present formulations contain from 10 to 

10 50 wt% of the hydrocarbon-terminated urethane compound or 

compounds of formula (I) . 

Exemplary carriers that may be used herein include 
water, alcohols, including both monohydric and polyhydric 
alcohols, e.g. ethanol, isopropanol, glycerol, sorbitol, 

15 2 -methoxy ethanol, diethylene glycol, ethylene glycol, 

hexylene glycol, mannitol and propylene glycol; ethers 
such as diethyl or dipropyl ether; polyethylene glycols 
and methoxypolyoxyethylene; carbowaxes having molecular 
weights ranging from 200 to 20,000; polyoxyethylene 

20 glycerols; polyoxyethylene; sorbitols; and stearoyl 

diacetin. 

The topical carriers described herein include 
various agents and ingredients commonly employed in 
dermatological and cosmetic ointments, creams, gels, 

25 aerosols, foams and lotions. For example, one or more of 

excipients, fragrances, opacifiers, preservatives, anti- 
oxidants, gelling agents, perfumes, thickening agents 
such as carboxymethyl-cellulose, stabilizers, 
surfactants, emulsifiers, emollients, color agents, 

30 aerosol propellants, foaming agents, and the like may be 

present. 

The amount of pharmacologically active agent will 
depend on a variety of factors, including the disease to 
be treated, the nature and activity of the agent, the 
35 desired effect, possible adverse reactions, the ability 

and speed of the agent selected to reach its intended 
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target, the cost and availability of the agent, the use 
of two or more pharmacologically active agents, and other 
factors within the particular knowledge of the patient 
and physician • 

5 As noted above, the compositions of the present 

invention may be used with any number of 
pharmacologically active agents which may be topically 
administered. Examples of pharmacologically active 
agents suitable for use in conjunction with the present 

10 invention include urea and lactic acid, e.g., in treating 

X-linked ichthyosis, a genetic skin disease characterized 
by excessive scaling. 

The compositions of the present invention are 
similarly useful in facilitating the adherence of locally 

15 administered topical medicaments such as cosmetics, 

sunscreens, insect repellents or the like, and as skin 
emollients and moisturizing agents. 

Any particular formulation will further depend on 
the chemical nature of the pharmacologically active agent 

20 to be administered as well as on the depth of cutaneous 

penetration desired. The method of delivery may also 
vary, but necessarily involves applying the formulation 
of the present invention to skin or hair or other 
epithelial tissue for a period of time sufficient to 

25 allow the desired penetration of the selected drug or 

topical medicament. The method may involve direct 
application of the inventive composition as an ointment, 
gel, cream or the like. 

The hydrocarbon-terminated polymers and drug(s) 

30 and/or cosmetic (s) may be separately added to a base 

carrier formulation. Alternatively, the pharmacological 
drug or polymers cosmetic compound may be added to the 
polymer or polymers and the mixture blended with the base 
carrier. 
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The hydrocarbon-terminated urethane compounds of 
this invention may be used without other active 
ingredient as skin moisturizing agents. The invention 
thus includes a method of moisturizing skin using these 
5 compounds. The invention polymers may also be used in a 

method of treating proliferative skin diseases. These 
conditions are typically characterized by epidermal cell 
proliferation or incomplete cell differentiation, and 
include, for example, X-linked ichthyosis, psoriasis, 

10 atopic dermatitis, allergic contact dermatitis. Also 

included are ailments such as mange that are specific to 
nonhuman animals. A preferred formulation for use as a 
moisturizing agent includes from at least about 0.5 wt% 
and up to about 25 wt.% hydrocarbon-terminated urethane, 

15 preferably from 1 to 10% by weight, in a topical carrier 

as described above. Such a formulation causes a 
lipophilic "barrier" to form at the skin surface, causing 
retention of moisture thereon. 

For example, the hydrophilic and hydrophobic 

20 polymers of this invention can be formulated into 

separate compositions for use as a dual film topical drug 
delivery system or skin moisturizing system. Such a drug 
delivery system includes a first composition (A) 
containing a film forming hydrophilic polymer and a 

25 second composition (B) containing a film forming 

hydrophobic polymer, the latter composition being 
incompatible with the hydrophilic composition. Each 
composition is formulated as a cream , solution, or gel, 
for example, to enable application of the first 

30 composition directly on the skin and application of the 

second composition over the first composition. 

The hydrophilic film forming polymer of the first 
composition (A) is a humectant-type of polymer, formed, 
for example, by reacting a polyethylene glycol derivative 

35 with diisocyanate. The first composition (A) may 

optionally contain a penetration enhancer, a co-enhancer, 
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a pharmacologically active agent, or a combination 
thereof. 

The amounts of each of the hydrophilic polymer and 
hydrophobic/ lipophilic polymer may vary widely depending 
5 on the nature and use of the composition and the 

individual polymers and other additives. Generally, 
however, the compositions may contain from about 0.5 to 
99.5 parts by weight of hydrophilic polymer and from 
about 0.5 to 99.5 parts by weight of hydrophobic polymer 

10 based on the total amount of these polymers. 

The second composition (B) contains an occlusive 
hydrophobic film forming polymer and may optionally 
contain a penetration enhancer, co-enhancer, 
pharmacologically active agent, or a combination thereof. 

15 The dual film topical delivery system of this 

invention thus contains a film forming humectant 
hydrophilic polymer composition and a film forming 
occlusive hydrophobic polymer composition, each or either 
of which may optionally contain a pharmacologically or 

20 cosmetically active agent, penetration enhancer, co- 

enhancer, or combinations thereof. 

Use of the dual film topical drug delivery system of 
this invention is schematically shown in Figs. 5-A to 5-C 
and involves application to the skin of a therapeutically 

25 effective amount of each of the film forming compositions 

(A) and (B) . The sequence of addition of composition (A) 
and (B) is critical for the success of the formation of 
hydrophilic (22) and hydrophobic (12) layers on the skin. 
The hydrophilic layer (22) is first spread on the surface 

30 of the skin to be treated, i.e., on the stratum corneum, 

in order to concentrate the moisture from the lower 
layers of the skin on top of and within the stratum 
corneum, which is the outermost skin layer. The moisture 
concentrates in the stratum corneum due to the 

35 hydrophilic nature of composition (A) . The occlusive 

nature of hydrophobic composition (B) which is spread on 
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top of the film layer (22) formed by composition (A) to 
form film layer 12 serves to maintain the "trapped" 
moisture in the stratum corneum. The hydrophobic 
composition (B) is generally applied immediately 
5 following application of composition (A) but may be 

applied as much later as up to several to tens of minutes 
later. Due to its high viscosity , fluidity and 
incompatibility with composition (A) , composition (B) 
readily forms a layer (12) over film (22) . This dual 

10 layer system thus traps and concentrates moisture in the 

stratum corneum. 

The topical drug delivery and skin moisturizing 
systems of this invention are formulated using a broad 
spectrum of liquid hydrocarbon-terminated polymers that 

15 are clear, odor-free, non-volatile, viscous materials . 

The polymers vary by molecular weight, solubility, and 
structural characteristics and are designed to deposit 
and hold drugs and/or skin care agents at desired 
concentrations on and in the upper layers of the skin, 

20 rather than to deliver the drugs or agents into the blood 
stream. This skin loading approach targets skin layers 
so as to provide efficacy and safety advantages to 
dermatological products. 

The topical drug delivery polymers and compositions 

25 of this invention have binding characteristics that make 

them resistant to accidental removal, causing them to 
remain on and in the upper layers of the skin for 
extended period of time. This binding ability thereby 
improves the duration of delivery of drugs or cosmetic 

3 0 agents. 

The present polymers and compositions, when combined 
with pharmacological dermatological agents can reduce the 
amount or dosage of the dermatological agent required 
because the agent is directly applied to the target area. 

35 Problems with gastrointestinal irritation, absorption and 

metabolism encountered with oral delivery are thus 
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avoided. The present polymers and compositions remain at 
or near the surface of the skin with only very low levels 
of penetration beyond the stratum corneum. This low 
systemic adsorption and low systemic toxicity of the 
5 polymers contribute to the safety of the present polymers 

and compositions over other delivery compounds that 
disrupt the skin or enter the blood stream at high 
levels. 

However, where penetration through the stratum 
10 corneum and epidermal layers into and through the dermal 

layer and blood stream is desired or physiologically 
important, a permeation enhancing agent may be included 
in the drug delivery system. Examples of suitable 
penetration enhancers are well known in the art. 
15 Examples include those mentioned in, for example, the 

following U.S. patent documents: 4,867,764, 4,415,563, 
3,551,554, 4,959,365, 3,989,816, 3,903,256, 3,952,099, 
3,472,931, 4,557,934, 4,746,515, the disclosures of which 
are incorporated herein by reference thereto. 
20 The following examples are representative of the 

preparation, formulation and use of the polymers and 
compositions of the invention. 

Example l 

Eight hundred g. of polyoxyethylene (20) stearyl 
25 ether was melted by heating to 6 0°C and placed in a 1 

liter glass reaction kettle fitted with mechanical 
stirrer and vacuum line/cold trap. With the temperature 
maintained at 60 °C, vacuum was applied with stirring and 
continued until no further water collected in the cold 
30 trap. During this step the temperature was gradually 

raised to 100°C. The temperature was readjusted to 60°C, 
and 85.0 g. of dicyclohexylmethane-4 , 4 1 -diisocyanate and 
0.4 g of stannous octoate was added; the temperature rose 
and within 10 minutes peaked at 77 °C After the exotherm 
35 subsided heating was continued at 60 °C for 1.5 hour, then 

at 65°C for 5 hours, until no further isocyanate was 
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detectable. The resulting polymer was a film-forming 
amphiphilic polymer. 

Example 2 

AIL glass reaction kettle was charged with 115.4 
5 g. of dicyclohexylmethane-4 , 4 ■ -diisocyanate and stirring 

begun at room temperature. Stannous octoate (2.7 g) and 
polyoxypropylene (11) stearyl ether (32 0 g) were added. 
The temperature rose slightly to 30°C, following which 
additional polyoxypropylene (11) stearyl ether (500 g) 

10 and stannous octoate (1.5 g) were added. The mixture was 

heated to 50°C for 1 hours, 70°C for 1 hour, and finally 
at 64 °C for 5 hours, after which no further isocyanate 
was detectable. The resulting polymer was a film-forming 
lipophilic polymer. 

15 Example 3 

A mixture of 4 parts by weight of the above 
lipophilic polymer and 1 part by weight of the above 
amphiphilic polymer were dissolved in ethanol and the 
resulting solution was cast on a glass plate. The 

20 resulting film was treated with an aqueous solution of 

dye (to improve contrast) and allowed to dry overnight in 
air. Figure 4 is a photomicrograph (100X) of the 
resulting dry film. The light spheres are capsules, 
ranging in size from about 10 to about 3 0 microns, of the 

25 lipophilic polymer bound within the amphiphilic polymer. 

Both polymer phases are capable of containing and 
administering compatible topical/dermatological active 
agents • 

Example 4 

30 The above procedure was repeated but with the 

addition of 10% nonionic surfactant and without the 
addition of dye. Photomicrographs of the dry film were 
taken at 100X and 4 00X and are shown in Figures 4 -A and 
4-B, respectively. In this case, the particles of 

35 lipophilic polymer are more uniform at approximately 5 

micron diameter. 
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Examples 5-9 

The following ingredients are combined and 
homogenized to give the dispersions: 





Ex* 
5 


EX. 6 


Ex. 7 


EX. 8 


EX. 9 


Polymer of example 
2 


9.0 


9.0 


20 


8.0 


12 


Steareth-20 


2.0 


2.0 


2.0 


1.2 


1.2 


Steareth-20 


3.0 


3.5 


4.0 


2.8 


4.8 


Stearyl alcohol 


1.0 


4 


4 . 0 


2 . 0 





Stearic acid 


1.5 


__ 











Alcohol 








20 








Propylene glycol 


4-0 














Glycerol 





4.0 










Propylene glycol 
dicaprate 




5.0 








Decyl oleate 




4.0 








Quaternium-15 








0.1 




Polyquaternium-11 




2.0 








Dimethicone 


1.0 










Carbomer 
(neutralized) 






0.4 






Water 


79 


67 


50 


86 


82 



Examples 5 and 7 are creams; 6, 8 and 9 are lotions. 
All have a desirable feel, are substantive to skin, and 
provide emollience. They can also serve as vehicles for 
topical/dermatological actives. 
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Example 10 

The following solutions were prepared and spread on 
human skin to deposit a layer of the insect repellant 
DEET (n,n-Diethyl-jn-toluidine) . After 24 hours the 
degree of penetration of DEET into the epidermis was 
measured according to methods previously described (R. 
Gyurik et al, Prediction of Percutaneous Penetration, La 
Grande Motte, France, April 18-22, 1995): 



Component 


Weight % 


Weight % 


DEET 


7 


7 


Polymer of 
example 2 




5 


Ethanol 


93 


88 








/ig/cm 2 DEET in 


105 


59 


epidermis 







As can be seen, the inclusion of 5% of the polymer 
of example 2 considerably reduces the accumulation of 
DEET in the epidermis* 
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Example 11 

The following solutions were prepared and spread on 
human skin to deposit a layer of the topical antifungal 
econazole. After 24 hours the degree of penetration of 
econazole in the skin was measured according to methods 
previously described (R. Gyurik et al, Prediction of 
Percutaneous Penetration, La Grande Motte, France, April 
18-22, 1995): 







Weight 

% 






Econazole 


0.86 


0.86 


0.86 


0.86 


Polymer of example 
2 




2 


5 


10 


Ethanol / propylene 

glycol/water 

Vehicle 


99 


97 


94 


89 












/iG/cm 2 Econazole 
in epidermis 


7.4 


4.8 


3.0 


1.8 


&g/cm 2 Econazole 
in dermis 


0.61 


0. 66 


0.26 


0. 10 



As can be seen, the inclusion of progressively 
larger amounts of the polymer of example 2 into the 
formulation results in progressively decreasing amounts 
of the econazole in the deeper skin layers. 
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Examples 12-16 

Using the basic procedure of Example 1, amphiphilic 
film-forming polymers are prepared from the materials 
indicated: 





Hydrocarbyl 
terminated 
polyalkylene oxide 


Diisocyanate 


Example 12 


Oleth-20 


Methy lened i - 
cyclohexyl 


Example 13 


Steareth-10 


Methylenedi- 
cyclohexyl 


Example 14 


Steareth-100 


Methylenedi- 
cyclohexyl 


Example 15 


Steareth-20 


Hexamethylene 


Example 16 


PEG-2 0 
Stearate 


Methylenedi- 
cyclohexyl 



Example 17 

A protective and moisturizing sitosterol hand cream 
is prepared by homogenizing mixtures of ingredients 1-6 
and 7-8 at 70°C: 



1. 


Dimethicone 


5.00% 


2. 


Crodex N (Cetearyl alcohol and Ceteth-2 0) 


2.50 


3. 


Glyceryl stearate SE 


5.00 


4. 


Diisopropyl adipate 


2.00 


5. 


Polymer of example 14 


5.00 


6. 


Tall oil sterol 


2.00 


7. 


Glycerin 


7.00 


8. 


Purified water 


q.s. 100 
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Example 18 

A 500 mL reaction flask was charged with 53.6 g of 
dicyclomethane-4 ,4 1 -diisocyanate and 100 mg of dibutyl 
tin dilaurate, and heated with stirring to 45°C. To this 
was added 20.6 g of Carbowax 200 dropwise, following 
which the mixture was heated to 92 °C for 10 minutes. The 
temperature was adjusted to 50 °C and 2 39 g 
polyoxyethylene (20) stearyl ether , dried in vacuo at 
96°C as in Example 1, added dropwise. The temperature 
was kept at 80 °C for 45 minutes and at 90 °C for 2 hours, 
following which essentially no isocyanate was detectable. 
The resulting product was a surface active block 
copolymer. 
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WHAT IS CLAIMED IS: 



1 1. A composition substantive to skin or hair and 

2 providing a moisture barrier layer when applied thereto, 

3 said composition comprising 

4 (a) a lipophilic hydrocarbon terminated urethane 

5 film-forming polymeric compound having the formula (I) 

6 and 

7 (b) an amphiphilic or hydrophilic compound having 

8 the formula (I) 

9 R- (CO) m O- <CH 2 CHR'0) n - [OCNH-Z-NHC0 2 (CH 2 CHR 2 0) n .] p 

10 -OCNH- Z -NHC0 2 - ( CH 2 CHR l 0 ) n - ( CO ) m R ( I ) 

11 where R represents (i) an alkyl, alkenyl or alkaryl group 

12 of from 1 to 30 carbon atoms or (ii) a polypropylene 

13 oxide group; R 1 and R 2 , each, independently, represent a 

14 hydrogen atom, or a methyl or ethyl group; Z represents a 

15 divalent linking hydrocarbyl group; m is 0 or 1; n and 

16 n', are each, independently, a positive number; and p is 

17 > 0. 

1 2. The composition of claim 1 wherein (b) comprises 

2 a hydrophilic compound of formula (I) wherein R is an 

3 alkyl group of from 1 to 4 carbon atoms or an alkenyl 

4 group of from 2 to 4 carbon atoms. 

1 3. The composition of claim 1 wherein (b) comprises 

2 an amphiphilic compound of formula (I) wherein R is an 

3 alkyl, alkenyl or alkaryl group having from 7 to 2 8 

4 carbon atoms. 

1 4. The composition of claim 1 wherein (b) comprises 

2 a compound of formula (I) wherein R represents a 

3 polypropylene oxide group. 

1 5. The composition of claim 1 comprising from about 

2 0.5 to 99.5 parts by weight of (a) and from about 99.5 to 

3 0.5 parts by weight of (b) , based on the total of (a) 

4 plus (b) . 

1 6. The composition of claim 1 wherein (a) comprises 

2 the compound of formula (I) wherein R 1 represent methyl 

3 and R 2 , if present, represents methyl. 
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1 7. The composition of claim 1 further comprising a 

2 topical carrier. 

1 8. The composition of claim 7 wherein the topical 

2 carrier comprises a liquid or nonliquid carrier and the 

3 composition is in the form of a gel, a cream, an 

4 ointment, a lotion, an aerosol, a foam or an emulsion. 

1 9. The composition of claim 7 wherein the 

2 lipophilic hydrocarbon-terminated urethane film-forming 

3 polymeric compound (a) and the amphiphilic or hydrophilic 

4 compound (b) are each present in an amount of from about 

5 0.5 to 25 wt% based on the total weight of the 

6 composition. 

1 10. The composition of claim 7 wherein the 

2 lipophilic compound (a) and the amphiphilic or 

3 hydrophilic compound (b) are each present in an amount of 

4 from about 1 to 10 wt% based on the total weight of the 

5 composition. 

1 11. The composition of claim 1 further comprising 

2 an active agent selected from the group consisting of 

3 antifungal agent, antibiotic , hormone, anti-acne 

4 medicament, sunscreen, moisturizer, topical anesthesetic, 

5 antipsoriasis agent and chemotherapeutic agent. 

1 12. The composition of claim 1 wherein in formula 

2 (I) n, n' and p are selected to provide the polymeric 

3 compound having a molecular weight of from about 2,000 to 

4 22,000. 

1 13. The composition of claim 1 in the form of a 

2 solution obtained by mixing the lipophilic and 

3 hydrophilic or amphiphilic polymers of formulas (I) in a 

4 mutual solvent. 

1 14. A method for moisturizing skin or hair which 

2 comprises topically applying to the skin or hair an 

3 occlusive moisture barrier effective layer forming amount 

4 of a lipophilic film-forming polymer of formula (I-a) 

5 R* (CO) m O- (CH 2 CHR n O) n - [ 0CNH-Z-NHC0 2 (CH 2 CHR ,2 0) n . ] p -OCNH-Z- 

6 NHC0 2 - (CH 2 CHR u O) „- (CO) m R a (I-a) 
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1 where R a is an alkyl, alkenyl or alkaryl hydrocarbyl group 

2 of from 1 to 30 carbon atoms; 

3 Z is a divalent linking group; 

4 R u is a methyl group or ethyl group; 

5 R 12 is a methyl group or ethyl group; 

6 m is 0 or 1; 

7 n is a positive number of at least 2; 

8 n 1 is a positive number of at least 2; and 

9 p is > 0. 

1 15. The method of claim 14 wherein in formula (I-a) 

2 R* is alkyl of from 5 to 30 carbon atoms or alkaryl of 

3 from 7 to 3 0 carbon atoms. 

1 16. The method of claim 14 which comprises 

2 topically applying a composition comprising the 

3 lipophilic film-forming polymer of formula (I-a) and at 

4 least one cosmetically active agent. 

1 17. The method of claim 14 further comprising prior 

2 to applying the lipophilic film-forming polymer of 

3 formula (I-a) applying a layer of a hydrophilic film- 

4 forming polymer of formula (I-bl) 

5 R b ( CO) m -0- ( CH 2 CH 2 0) n - [ 0CNH-Z-NHC0 2 ( CH 2 CH 2 O w . ] p - 

6 OCNH-Z-NHC0 2 - (CH 2 CH 2 0) n - (CO) m R b ( I-bl) 

7 where Z, m, n, n 1 and p have the same meanings as in 

8 formula (I-a) ; and R b represents a short hydrocarbyl 

9 group, selected from the group consisting of C,-C 6 alkyl 

10 and C 2 - 6 alkenyl; and applying the lipophilic film-forming 

11 polymer over the layer of the polymer of formula (I-bl) . 

1 18. The method of claim 14 further comprising prior 

2 to applying the lipophilic film-forming polymer of 

3 formula (I-a) applying a layer of an amphiphilic film- 

4 forming polymer of formula (I-b2) 

1 R c - (CO) m O- (CH.CHR'O) n - [0CNH-Z-NHC0 2 (CH 2 CHR 2 0) ] p - 

2 0CNH-Z-NHC0 2 - (CH 2 CHR*0) n - (CO) m R c (I~b2) 

3 where Z, m, n, n 1 and p have the same meanings as in 

4 formula (I-a) ; R 1 and R 2 , each, independently, represent a 

5 hydrogen atom, a methyl group or an ethyl group; and R c 
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1 represents a short hydrocarbyl group selected from the 

2 group consisting of Cj-C 6 alkyl and C 2 -C 6 alkenyl, or R c 

3 represents a long hydrocarbyl group having from about 7 

4 to about 30 carbon atoms, with the provisos that when R c 

5 represents said short hydrocarbyl group one of R 1 or R 2 

6 (P^O) is a hydrogen atom and the other is methyl group or 

7 ethyl group; and when R c represents said long hydrocarbyl 

8 group then R 1 and R 2 both represent hydrogen atoms, 

1 19. A method for facilitating the adherence of an 

2 agent applied to the skin or hair, comprising applying to 

3 the skin or hair 

4 (I) a locally administrable topical agent, and 

5 (II) a composition substantive to skin or hair and 

6 providing an occlusive moisture barrier layer when 

7 applied thereto, said composition comprising 

8 a hydrocarbon terminated urethane film-forming 

9 polymeric compound having the formula (I) 

10 R- ( CO ) m O- ( CHjCHR'O ) n - [ OCNH- Z -NHC0 2 ( CH 2 CHR 2 0 ) „. ] p 

11 -OCNH-Z-NHC0 2 - (CH 2 CHR*0) ( - ( CO) m R ( I ) 

12 where R represents (i) an alkyl, alkenyl or alkaryl 

13 hydrocarbyl group of from 1 to 30 carbon atoms or (ii) a 

14 polypropylene oxide group; R 1 and R 2 , each, independently, 

15 represent a hydrogen atom, or a methyl or ethyl group; Z 

16 represents a divalent linking hydrocarbyl group; m is 0 

17 or 1; n and n*, are each, independently, a positive 

18 number; and p is > 0. 

1 20. The method of claim 19 wherein the compound of 

2 formula (I) comprises at least one amphiphilic or 

3 hydrophilic compound having the formula (I-bl) or (I-b2) 

4 R b ( CO ) m -0- ( CH 2 CH 2 0 ) n - [ OCNH- Z -NHC0 2 ( CH 2 CH 2 O n . ] p - 

5 0CNH-Z-NHC0 2 - (CH 2 CH 2 0) n - (CO) m R b (I~bl) 

6 where Z, m, n, n' and p have the same meanings as in 

7 formula (I) ; and R b represents a short hydrocarbyl group 

8 selected from the group consisting of C,-C 6 alkyl and C 2 -C 6 

9 alkenyl ; 
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1 R c - ( CO) m O- ( CH 2 CHR 1 0) n - [ OCNH- Z-NHC0 2 ( CH 2 CHR 2 0 ) ] p - 

2 OCNH- Z-NHC0 2 - ( CH 2 CHR ' 0 ) n - ( CO ) llv R c ( I -b2 ) 

3 where Z, R 1 , R 2 , m, n # n' and p have the same meanings as 

4 in formula (I); and R c represents a short hydrocarbyl 

5 group selected from the group consisting of Cj~C 6 alkyl 

6 and C 2 -C 6 alkenyl; or R c represents a long hydrocarbyl 

7 group having from about 7 to about 30 carbon atoms, with 

8 the provisos that when R c represents said short 

9 hydrocarbyl group one of R 1 or R 2 (p^O) is a hydrogen atom 

10 and the other is methyl group or ethyl group; and when R c 

11 represents said long hydrocarbyl group then R 1 and R 2 both 

12 represent hydrogen atoms; and applying the lipophilic 

13 film-forming polymer over the layer of the polymer of 

14 formula (I-bl) or (I-b2) . 

1 21. The method of claim 19 wherein the compound of 

2 formula (I) comprises at least one lipophilic compound of 

3 formula (I-a) 

4 R* (CO) m O- (CH 2 CHR n O) 0 - [OCNH-Z-NHCO, (CH 2 CHR I2 0) n . ] p -OCNH-Z- 

5 NHC0 2 - (CH 2 CHR n O) n - (CO) m R a ( I-a) 

6 where R* is an alkyl , alkenyl or alkaryl group of from 1 

7 to 30 carbon atoms; 

8 Z is a divalent linking group; 

9 R 11 is a methyl group or ethyl group; 

10 R 12 is a methyl group or ethyl group; 

11 m is 0 or 1; 

12 n is a positive number of at least 2; and 

13 n' is a positive number of at least 2; and 

14 p is > 0. 

1 22. The method of claim 21 wherein the compound of 

2 formula (I-a) further comprises at least one hydrophilic 

3 polymer of formula (V) : 

4 RO-(CH 2 CH 2 0) q R (V) 

5 where R is defined in formula (I) and q is a positive 

6 number of at least 2. 
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1 23. The method of claim 20 wherein the compound of 

2 formula (I-lb) or formula (I-lc) further comprises at 

3 least one lipophilic polymer of formula (IV) : 

4 R ( CO) m O- ( CH 2 CHR 2 0) q ( CO) m R ( IV) 

5 wherein R and m are defined in formula (I) and q is a 

6 positive number of at least 2 . 



WO 97/01327 



PCT/US96/11001 




FIGURE 1 



1/6 

SUBSTITUTE SHEET (RULE 26) 



WO 97/01327 



PCT/US96/11001 



drop hill c 



Lip op It ill c 




Stratum Come urn 
Epidermis 



Dermis 



FIGURE 2 



2/6 

SUBSTITUTE SHEET (RULE 26) 



WO 97/01327 



PCT/US96/11001 




3/6 



SUBSTITUTE SHEET (RULE 26) 



WO 97/01327 



PCT/US96/11001 




FIGURE 4-A 



4/6 



SUBSTITUTE SHEET (RULE 26) 



WO 97/01327 



PCT/US96/11001 




FIGURE 4-B 



5/6 



SUBSTITUTE SHEET (RULE 26) 



WO 97/01327 



PCT/US96/11001 



„ — . <r 

777^7777777777777777777777777777*$ ^ Skjn 
! 

FIGURE 5-A 



g -. ■ /a-..-.-.-.v.-.-- 3 -.--^r--r-: 4— Him I imbed ed in S.C. 



II 



FIGURE 5-B 



a£fl6ag»^tfft ^ i P^^ f^ ^clusive film on top 

Hydrophilic film in S.C. 



FIGURE 5-C 



6/6 

SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Inte onal Application No 

PCT/US 96/11001 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 A61K7/48 A61K7/06 



A61K9/70 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 A61K 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US, A, 4 810 582 (F.E.GOULD, E.K.MORGAN, 
S.D.REDUKER) 7 March 1989 
see column 3, line 37-49 
see claims 1,2,4,12,13 

WO, A, 90 00066 (SMITH & NEPHEW PLC) 11 

January 1990 

see page 7, paragraph 4 

see claims 1,2,5,6,8,10,13,14,17,20 

see claim 21 



1,7,11 



1,7,11 



□ 



Further documents are listed in the continuation of box C. 



m 



Patent family members are listed in annex. 



* Special categories of a ted documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
*E" earlier document but published on or after the international 

filing date 

'L" document which may throw doubts on priority claim(s) or 
which is a ted to establish the publication date of another 
citation or other special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or 
other means 

*P* document published prior to the international filing date but 
later than the priority date claimed 



"V later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

'&" document member of the same patent family 



Date of the actual completion of the international search 



20 September 1996 



Date of mailing of the international search report 



0 7 10. 96 



Name and mailing address of the ISA 

European Patent Office, P.B. S818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. 31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Peeters, J 



Form PCT/TS A/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Intr tonal Application No 

PCT/US 96/11001 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


US-A-4810582 


07-03-89 


US-A- 


4798876 


17-01-89 


WO-A-9000066 


11-01-90 


AU-B- 


616289 


24-10-91 






AU-A- 


3877389 


OO A1 flA 

23-01-90 






DE-D- 


68912332 


24-02-94 






DE-T- 


68912332 


28-04-94 






EP-A- 


0422118 


17-04-91 






GB-A.B 


2222173 


28-02-90 






JP-T- 


4500917 


20-02-92 



Form PCT/ISA/210 (patent family annex) (July 1992) 



